Abstract. The system described in this paper is an attempt at developing a coach for sports using a virtual world and multimodal interaction, including brain activity. Users can ride a bicycle through a virtual world while the coach monitors the user's performance. The system incorporates the user's brain activity, heart rate and respiration rate. These data are analyzed and the features are sent through to give the virtual coach the instructions for movements and dialogues to coach the user. The Electroencephalogram (EEG) provides ample possibilities to research the brain activity of the user and to provide for an extra modality in the interaction.
Introduction
Finding motivation for the practice of sports and bodily exercises is becoming harder and harder in the fast-paced society we live in. A lot of people would therefore be helped by the aid of a virtual coach [3] . Earlier work by Ruttkay et al. [7] provides the basis for virtual coaches. The system proposed in this paper is a start for such a virtual coach using brain activity as a modality. In the first working version of this system we focus on a bicyclist, exercising on a real bicycle that has been mounted onto a VR bike frame.
In this system we intend to use brain activity, various physiological signals such as heart rate, respiration rate and volume as well as pedal rate and power exerted by the user on the bicycle.
While heart and respiration rate are quite common features to measure on what level the user is performing, brain activity is not. However, research by Palva et al. [6] and Schürmann et al. [8] indicates that interesting meaning can be found in the alpha band of the electroencephalogram (EEG). Energy in the alpha band can indicate how conscious and attentive the subject is to a task. Also the work by Klimesch et al. [5] provides interesting cues for more research into different energy bands in the EEG of an exercising user. In future research related to this paper we will investigate the use of such information for a better informed virtual coach.
Overview of the System
The system as a whole is build up from different components as depicted in figure 1. These components constitute to a loop in which sensory data from the user is
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Virtual Coach (Elckerlyc) measured, analysed and behaviour and dialogues for the virtual coach selected. After this the avatar component realizes the behaviour and dialogue which the user can see on a screen and hear through the loudspeakers. The first step in the loop is to take the EEG and physiological data. These are acquired from various sensors, located on the user's body. The data is then streamed in real-time to the signal analysis component. This component interprets the data and sends the features to the behaviour selection component. Depending on the value of the incoming features this component selects the most fitting behaviour for the coach. Then in turn, the dialogue system selects the dialogue to send to the Virtual coach. The virtual coach carries out the dialogue and movements which are the feedback for the user.
Fig. 1. Overview of the Virtual Coach system
The user can ride through any virtual world which supports the VR bicycle frame. Users sitting on this bike can then use the steer and pedal to navigate through this world, while being monitored and coached by the system. The avatar used for the virtual coach consists of the Elckerlyc system as introduced by Van Welbergen et al. [9] . The Behaviour selection and Dialogue component communicate through Behaviour Markup Language (BML). Elckerlyc visualizes the movements and dialogues on the screen.
Analysis and Use of Neurophysiological Data
In the current version of the system the EEG is analysed for energy in the alpha band on a certain part of the brain, namely location 'Pz' in the 10-20 placement system [2] . The feature measured on this location on the scalp is an indication for the user either being agitated and alert or relaxed and distracted. The EEG is band pass filtered between 8 and 13 Hz after which the band power is calculated. A moving window of 120 seconds is used to normalize the output, id est, the extrema and the mean of the signal over the last 120 seconds determine the actual value of this feature. This way, the algorithm will adapt to any user using the system, invariable of the baseline power in the alpha band of a user.
The interpretation of the user's mental state is then used to select the appropriate attitude for the virtual coach towards the user. The heart and respiration rate will be used to monitor if the user is performing on the right level, depending on the goal being weight loss or condition improvement.
Because the user is performing physical activity, robustness of the EEG signal quality and classification of said signal is very important. However, similar research by Katsis et al [4] in race car drivers indicates that this should be possible.
Conclusion and Future Work
In this paper a system for a virtual coach using brain activity is introduced. Research into how brain activity can be put to use for a virtual coach is one of the main interests.
While currently the system only uses one feature in the EEG, future research will include using more complex or multiple features to provide the virtual coach with a more comprehensive representation of the user's mental and physical state. Such features could focus on measuring the flow of the user as defined by Cziksentmihalyi [1] . Ultimately this could lead to a system that keeps track of the user being in the flow and adapts itself to provide a better user experience.
